Introduction and Background {#s001}
===========================

M[inimally invasive procedures]{.smallcaps} have gained widespread acceptance in recent years. In the field of transplantation, laparoscopic living donor nephrectomy requiring a short (6--10 cm) incision is now considered the optimal procedure. Since the first experience of minimally invasive kidney transplantation,^[@B1]^ several teams have published reports on renal transplants performed by robot-assisted transperitoneal laparoscopy.^[@B2]^ During transperitoneal approach a large flap of peritoneum is dissected to perform vascular and urinary anastomoses. At the end of the procedure the peritoneum is closed to maintain the renal graft in the iliac fossa and to avoid any twist of the vessels. We report the first totally extraperitoneal laparoscopic kidney transplantation (LKT) using the Da Vinci robotic system.

Procedure of Total Preperitoneum LKT {#s002}
====================================

After the induction of general anesthesia, a Foley catheter was inserted into the bladder. The patient was positioned dorsal decubitus in the Trendelenburg position at 20° ([Fig. 1](#f1){ref-type="fig"}).

![Patient positioning.](fig-1){#f1}

A 6-cm periumbilical incision was made without incising the peritoneum. The dissection of the preperitoneal space was initiated by the fingers and was progressively enlarged until the iliac vessels. Three robotic ports and two ports for the assistant were inserted once the space was large enough to position trocars under digital control.

The Alexis laparoscopic system with Kii Fios first entry (Applied Medical) was inserted through the 6-cm midline incision once all the trocars were inserted. The robot-assisted laparoscopy then began using three 8-mm robotic ports and 11- and 5-mm ports for the assistant as shown in [Figure 2](#f2){ref-type="fig"}.

![Positioning of trocars.](fig-2){#f2}

At this point, the Da Vinci surgical system was docked into position (from the same side as the transplantation), and the robotic arms were attached to the robotic trocars ([Fig. 3](#f3){ref-type="fig"}).

![Robot docked, with bedside assistant opposite side. (Left kidney transplantation.)](fig-3){#f3}

The vessels were dissected using the robot-assisted laparoscopic instruments, with a lymph-node dissection and vessel exposure allowing for the vascular anastomoses. Appropriate hemostasis and lymphostasis were obtained using bipolar forceps, scissors, and metal clips.

The graft was prepared on the back table. To minimize warm ischemia, it was inserted into a laparoscopic plastic bag with crushed ice ([Fig. 4](#f4){ref-type="fig"}).

![Cooling laparoscopic bag with prepared kidney graft installed.](fig-4){#f4}

The Alexis laparoscopic system allows to insert the kidney and to put the optical trocar with the robotic camera arm docked back in place in seconds.

Small holes in the plastic bag were managed to allow simple exposure of the vessels and of the ureter. Stitches were also prepositioned on the vessels to save warm ischemia time.

The graft was brought into the operative field through the midline incision and maintained in good position by the fourth arm. The anastomosis of the renal vein was performed end-to-side of the right external iliac vein with a 6-0 Gore-Tex running suture.

The arterial anastomosis was performed end-to-side of the right external iliac artery with a 6-0 Gore-Tex running suture.

The kidney was unclamped, and reperfusion of the parenchyma was observed. Hemostasis was completed when significant bleeding was observed.

Urinary anastomosis was performed using a Lich--Gregoir technique. The bladder was filled with 200 mL of saline, and the muscular layers were dissected to expose the mucosa. The anastomosis was performed with a running suture of 5-0 PDS, and a Double-J stent was inserted halfway. The outer muscular layers of the bladder were sutured over the distal part of the ureter.

A 9-mm surgical drain was inserted through one of the trocar incisions. The trocars were removed under visual control. The midline incision of the aponeurosis was sutured with Vicryl 2. The cutaneous incisions were sutured with fast-resorption Vicryl 4-0.

Outcomes {#s003}
========

The postoperative sequences were usual with the resumption of function on day 7. The patient was hospitalized for 10 days. Postoperative pain was managed with perioperative injection of the incisions with Ropivacaine (20 cc of 7.5 mg/mL), as well as intravenous paracetamol and tramadol for the first 24 hours, then switched orally. The postoperative day 1 and day 5 ultrasound and Doppler examinations did not show any anomaly.

Postoperative day 7 creatinine level was at 2.64 mg/dL and at 2.36 mg/dL on postoperative day 10. The patient did not require postoperative hemodialysis.

Discussion {#s004}
==========

For kidney transplantation a large iliac incision is usually required to insert the graft and to perform the anastomoses. Incisions for kidney transplantation are usually 16--20 cm leading to significant postoperative pain and to some delayed wall complications well described in the literature.^[@B3]^ The feasibility and safety of kidney transplantation using robotic approach have already been reported. However, smaller incisions require excessive retraction of the wound, which causes bruising and trauma to the muscles. Furthermore, in patients with a high body mass index, it is difficult to access the pelvic vessels despite maximum retraction, which makes dissection and vascular anastomoses cumbersome. Prolonged and excessive retraction causing damage to the femoral nerve, injury to the muscles, and drying of the wound may cause wound-related problems, especially in obese recipients. In fact, LKT would be a boon to patients with high body mass index because it requires only an incision to insert and place the renal graft. Additional port placement may be required, but it is still a better bargain than a larger incision for open kidney transplantation. Nevertheless, the preperitoneal laparoscopic approach is a technically feasible option as we show in this article. Our description of robot-assisted LKT is not an innovation as this intervention is already performed in several university hospitals worldwide. To us, the total preperitoneal laparoscopic access was a very interesting option for exposure and kidney transplant, as it is described and used for traditional kidney transplantation and retroperitoneoscopic donor nephrectomy.^[@B4]^ It facilitates access to the vessels, with a more comfortable exposure, without having to retract the bowels and open a flap of peritoneum.

In the end, the kidney isn\'t free in the peritoneal cavity, in contact with the bowels, but it is confined in this preperitoneal space, placed more securely. Furthermore, in the scope of mini-invasive surgery and enhanced recovery, preperitoneal LKT should reduce postoperative ileus and bowel surgical complications. It reproduces the open kidney transplantation setting which is preferably done in the first place extraperitoneally for an easier access to the iliac vessels without exposure problems due to the intestinal loops and thus, as written above, no bowel complications whatsoever. The kidney is placed in a more adequate manner without contact with the bowels and without excessive mobility which could compromise the transplant vasculature when the kidney is placed inside the peritoneal space.

Our cooling device allows the cooled area to be confined to the kidney and around the kidney without interfering with the anastomoses as the ureter and the vascular pedicle are, through the bag\'s holes, easily manipulated for exposure and suturing, all while the kidney stays in contact with shaved ice during the whole warm ischemia time. Other cooling systems, like rinsing the kidney with cold saline during warm ischemia time, may be less efficient and cause other problems favoring surgical site infections or bowel complications. It is cheap and simple to make, a practical homemade solution.

Conclusion {#s005}
==========

Our cooling device is a simple inexpensive system that works. Research has been done to develop cooling systems and evaluate their quantitative efficiency to keep the graft cold enough during warm ischemia. This technique, however, requires robotic surgery and transplantation expertise; it also deserves an analysis of a series of patients to study the results and compare them to open transplantation.
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